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Abstract :
It is well known that silver nanoparticles have been used for centuries as a yellow tint for glasses, which 
made the silver a revolutionary colorant used to paint the windows of the religious places. An ion exchange 
non-conventional process comely called medieval pigment without using molten salts has long been used as 
a method for coloring the glass. In the same subject, this work aims to study the effect of the silver 
nanoparticles diffusion in a soda lime and borosilicate glasses on the mechanical proprieties. For that, a 
soda lime and borosilicate glasses have been painted. Once stained, the glasses were heat treated at 
temperatures close to their transition temperatures (Tg). A parametric study was undertaken to determine at 
first the effect of the silver concentration in the stain spread on glass. In addition, the effect of the painting 
conditions (heat treatment duration and chemical composition) of on the formation, the coloration and the 
mechanical properties were studied. The characterization was made using UV-Vis spectroscopy, Raman 
confocal spectroscopy, SEM, nano-indentation. The obtained results shows that the coloration intensity of 
both glass types painted by the conventional method differs and depends essentially on the amount of alkali 
ions in the glass. Moreover, it was found that the silver nanoparticles have a significant effect on the 
mechanical properties of glasses.
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Samples preparation
Two types of glasses have been used in this study: the soda lime and the borosilicate. Their chemical 
compositions were determined by X-ray fluorescence technique and by the bolometric method, for the soda 
lime and the borosilicate glasses respectively. The mean size of the used samples is 3030mm, thickness 
about 5mm for the soda lime and 1.1 mm for the borosilicate. A silver stain was prepared and spread on the 
surface of the two types of glasses using a small brush. Only one side surface of glass has been painted. The 
silver clay was prepared in two concentrations: C1: 15 mg of AgNO3, 45 mg of kaolin,3 drops of Arabic 
adhesive for each sample. C2: 8 mg of AgNO3, 30 mg of kaolin, 3 drops of Arabic adhesive for each sample.
Characterization techniques
The equipment used for nano-indentation test is a static system that functions with a horizontal loading 
mechanism. It is characterized by a loading range (0-500 mN) with a force and displacement resolutions of 
respectively 0.1 mN and 0.1 nm. The equipment is well protected against significant thermal drift, ambient 
air flow and acoustic disturbance. It is equipped with a Nano-K bench top vibration isolation platform. The 
nano-indentations tests were done using a Berkovich indenter with an apex semi-angle (θ = 65.27) and 
effective cone angle (α = 70.3). Hardness and elastic modulus of the studied glasses were determined from 
the nano-indentation load-displacement curves using the standat Oliver and Pharr method. Complementary 
tests were performed using a UV -Vis Spectrophotometer where the optical transmission spectra of prepared 
samples were measured at room temperature in the wavelengths range of 300 to 1100 nm. The IR 
spectroscopy and Raman confocal spectroscopy technique was used to determine respectively the structural 
alterations and the penetration depth of the silver in the painted glass. 
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FIG. 1 – Hardness of silver-
stained soda lime glass vs. 
total penetration.
FIG.2- Elastic modulus of 
silver-stained soda lime glass 
vs. total penetration.
FIG.3- Indentation curve of 
silver-stained soda lime glass 
FIG. 4 – Hardness of silver-
stained borosilicate glass vs. 
total penetration.
FIG.5- Elastic modulus of 
silver-stained borosilicate
glass vs. total penetration.
FIG.6- Indentation curve of 
silver-stained borosilicate glass 
Conclusion
In this work, the effect of the formation of silver nanoparticles on the mechanical properties and structure of 
soda lime glass and borosilicate glass was studied. Inspecting the results of the hardness and elastic modulus, 
it has been found that as the silver nanoparticles are formed in the vitreous network, the hardness and elastic 
modulus of painted glass increases. This is less obvious for painted borosilicate glasses because the 
formation of silver nanoparticles is less important in this kind of glass, due to the low percentage of sodium 
in the borosilicate glass composition. The alteration of the structure of painted glass is reflected in the shift 
between the hardness values (Fig. 1, Fig.4), the elastic modulus (Fig.2 , Fig.5) and the indentation curve 
(Fig.3, Fig.6), found for the raw glass versus painted ones. The results of mechanical properties found show 
that during the distribution of the silver nanoparticles in the glasses, the painted glass structure is 
polymerised, which is in concordance with the found spectra of IR spectroscopy.
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